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THE DEVELOPf4ENT OF A 3 TESLA - 10 HZ PULSED MAGNET+40DULATOR SYSTEM

@orge J. Kraunne ●nd K. B. Butterfield

ba Alame9 National Laboratory
L.oc Alanae, NM 8J5h5

Abntract

In order co suoport the ●xperimental work sane at

the Ias Alamon Meson Physlca Facility new

instrumentation and data collection oyatemn of

●dvanced design ●rc developad on a ragular baais.

Within the inacrumentatlon ~yetem for an

experiment ●t LAWF, “The Photo-Excltmtlon of the H-

Ion Reoonanceo,” There exlsca a need for ● pul~ed

●ir-score ●lectromagnet ●nd modulator ayater.. The

magmet must be capable of product v ● field strength
of O to 3T in ● volume of 3.5 cm . In ●ddition it

must be radiation realstsnt, have a uniform field,
ope:ate in a high vacuum with little or no outgaaslng,
and the phyaicbl layout of the magnet mugt prov:de

minimal ●zmuthal obstruction LO both the Ion and laaar
beama.

The modulator muot be capable of producing up to

a 151LA pulse w!th duratton of two us at a aOXiMum

lepetltlon rkte of 10 Hz. Hodulator layout must be of

● 10U lnductauce aealgn co improve overall ayatom

afflciency. Both magnet and modulator must be

●xtremely raliablc ou that da?a collactton time la not
last luring the ●rtpariment. Thi~ paper dtscribee in
detail the det”alopment of the syatam.

~ncroducclon

The design crtt~rla f~r the p~l~ed magnet nvstem
have , in large part, bacn dccermln?d h; the phyaicn of
the ●xperlmcnc and the opticn of both thr ion ●nd

lamer beams uacd in the experiment. Thece factora

have rcqulred the following opeciflcatlona for the

magnet and the modulator.

The magnet msnt hav~ ● maximum field atrengch of
3T i 10: river the volume (3.\cm ’) ot lntcremt, ●oe
Fig. 1. In ●ddltfon tt must have good htsh vacuum
prooertloa and lltcl~ or no outgataing ●t full power.
Whtla pronerving the intcgrtty of Lhe hi-vacuum avatem

th~ phymlcal dwvice muar be ●bla to ●ove vertically
-10-12 cm no it may be ●x$ractad from the beam lina.

The tlGvtcF mint rotate 160 ao that O (~a? Ff@. 1) ■ay
bc varied thlu ice full range. Thin lmplta~ that the

magnet must provide minimal ●zurzuthal nb?tructlon to
both the ion anA laaer hvlmo.

Ha&nat Desl~n

An •nrrnc~ve survey of magnet geomctrtea ●nd
ralatod conatructton difflcultimn waa ualghed ●ma!nrnt
the dcalsn parametara Elv@n. Thla ●xercioc lod ua to
the hlmilOILR confl~uratlon shown in Fig. 1, Th@ Rap

(C) waa ~et at km, ●llowing ample cltarance for both
ion ●nd laaer beamo. If OI}C placao the current feed
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Figure 1. Magnet gaometry.

in tho shadow of the current return (Fig, 2), e can he
varted thruocwo 160° ●ection~. By rotatln~ the th~
●amamhly 90 , the ramatnlng LOO can he acc, aned. \t
thin point two computer prohrama were uaad co opc[mlze
R,W,h ●nd thm number of turns for IT to 3T
configu{atiana. Flgurc 1 ●howa ● croaa ●ectlon of the

witldinga and the dimanmlonc for ● 1.OT confi~uratlon.
The winding matartala for the ftrst protoLvpe ●rc
●hovn in Fig. 4. The lnaularlon In rcconacructed
■ica, two layara O.OkOm thick. Th@ conductor 1. a
$mm wide, 0.1271wn thick, strip of coppor. Two atripo

of roconarructed mica ●hould~r th~ coppor, ●ach r+rwe

Iavera thick. Tho coil waa wound on ●n nlumtna form
●nd an ●lumina barrel was slipped over the ●aaambly to
hold the uindtnga in :,aca (ace Fig. 2). This version
of the magnet waa found to be unr~liable due to
breakdown of the mtca, leadlnn to ●rcing b~tween
turns.

An improved deaisn, Fl~. 5, uning
Kapton-ancapaulat~d copper wlndln~s potted in
thermally conduct:rrg ●poxv waa found to be ●d~quate

for l.\T flalda. Thtn magn~t waa thrn testvd with ●

●mall SCR Puleor, A field nap ●nd ● callbraLlon
ftictor w~re aenorat~d, From the fl~ld map, Fig. 6, we
aaa the effect of l/L ●ntta tutn on orw coil. This
nkowtd field ham .Ince bean correcc*d. The
callbratton frnccor for thla cenflguratlon la 0.98 G/A.
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Figure 2. Prototype magnet.
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Tha Modulator

~i~ura 7 In ● circuit diagram of tha modulator.
In •o~~ncc the nystam is ● almpla RLC clrcut with Z

8at such that 13KA paok eurr~nt could be ●chiovc a

within th~ ●ods llmlto of th? switch (W-1). Thi8

put 20 ● 0132 n bscausc tho ●asnot inductance

(LIOL2) ● L20n11. Thit put tho cap~citor (cl-cb value
at -l,4811f). Fi8ura 8 .hows ● cutmway viqw of th.
modulator. Thts conft~rstlon waa uaad so that loop
lnductanr,o could M minlmimtd by rsmvin~ the magnac
●nd ropltcing it with g dlrmct short ●nd then fittln~
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Figure 4S Prototype ●agnet winding rb~teri~~b.

Tisura 5. Croos uection view of new •~~~.t ●nd
winding materfal.

the curr~nt pulec to ● thaorcticel curve. The Jucceati

Of tho deolgn wau ohown by the moteuted total loop
lnductanca of 6411H. R,-R6 ●re h.54 f) aach for ●

parallel combination .f .76 n which provides ●

comeuhat laao thrn crttic~l dampad pulie. The
thyracron ●nd the load roeiotorg ●ro winter coolod ●o
thet che modulator can ●asily run at tha 10kW svaraae
power IQvel. Tho 0,001 (i Current ViowiUg Rooisror

(CV’R) 10 u-ad to monitor p-ah current ●nd therefore
the ●trangth of tho 8 fi~ld. ?owor to the magnet is

SUpplitd by coamtal lin~ hi-vacuum feed-through. Tha

●odllator wao then flttad with the ●agnet ●nd ths
?ystem waD tcoted in hlth vacuum,
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Pigure $ chout th teat cotup for tht ●asnot md

the modulator. !liCh voltq~, W SUPPIJ eutr~nt, PUIBO
currmt ●d tht B flold umrs monltorod.

Early on, umak linkt in tha ●ymtom ●ppomd mnd
in all cao~s thy umr- rslttd to dth.r coil dmot~n
or implomontatlon, no ●odulator hao run in ●n ●lmoot
flawl,oo ●annar from tho timo pouor wao tlrmt applied,
At thlo point tho modulator hao shout 3.6 II 10

PU1OOS, hoo ?oqulrod virtually no maintonanco, md hao
couoed no 40WI tlmo. ?i@ltO ~0 ●howo # typical
current PIIIO*. Tho 10% to ?0% rioo the iD 500MS ●nd
tho Yunm 10 l,*IIS.

?iguro 8. Croos ●ectlon view of the modulator.
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Flwro 9. Test @otup for sqnat ●nd modulator.

Tho sstnat has boon a problcm that ●till Iisito
the ovor ●1I ●yttam porforaanco. ‘the probloms have
boon ●mtfold ●nd difficult to ●0Ivo. Th@ ●ttroctiv~
forca botumm tho two CO11O hoo cauotd tho coppor
windln~c to cut the lnculation. XR heatin~ ●nd
Inadoquato coolin~ hovo eauood ●agneto to run rod hot.
Lecol arclnt, cauood by larto L(di/dt) torma, has

CQU9d COiiS tO c~plod,o.

At thio point tho problcm hao boon roducod to ono
Of 9atWlalo rsooarch, Tho inoulction usad in tho
satnot wlndinso mutt havo hlsh dioloctrte otronsth ●nd
ymt bo thermally conductlvo. Ficurt 3 ohowt ● photo
of tho n- ●wta ●smmbly. Tho coil ttindlnt 10 O.~



>per strip 0.127mm thick bonded between two 0.127mn
lck kapton ●trips. The winding 1s potted in vacuum
a thermally conductive ●poxy. Figure 5 ●lso ahourn

:roes oection of a winding. Thla construction hao
,owed ua to run at peak power of -800J to i!Ll per

se, but ●t these power leveln we can only run ●t a
oe frequency of -5HZ, due chiefly to the lack of
lingo
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Ultimately B ftelde of >3T ●nd repetition rates

HZ will be required. Therefore new cooling system;
h greater heat capacicien ●nd improved thermal
hs are heirs conotdered, New coil denigns baned on

tl-lsyer hybrid technology ●re being developed, In
[tion new rhvrattons with higher anode voltage
It- and higher cathode current~ than the HY-5 ●re
!r consideration.

Figure 10. Current pul~e.


